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FORMAT FOR RECORDING DATA ON A STORAGE DISK 



fT?nSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is related to the foUowing U.S. patent applications: Application 

No. 09/560,781, filed April 28, 2000, entitled "Miniature Optical Disk For Data Storage"; 
Application No. 09/542,681, filed April 3, 2000, entitled "Structure And Mefliod For 
Storing Data On Optical Disks"; Application No. 09/583,133, filed May 30, 2000, entitled 
"Method And Apparatus For Emulating ReadAVrite File System On A Write Once Data 

10 Storage Disk"; and Application No. 09/583.390, fUed May 30, 2000, entitled "Defect 

Management System For A Storage Device", each of which applications is assigned to the 
assignee of this application, and each of which is hereby incorporated herein by reference 
in its entirety. 

TiTy.T.D OF THE INVENTION 

1 5 This mvention relates to a fonnat used for storing data in a memory storage disk 

and more specifically an optical storage disL This mvention also relates to an optical 
storage disk that contains both mastered and writeable areas. 

Tt ACKGROUND OF THE INVENTION 

Data storage disks, and in particular optical data storage disks, are widely used for 
20 a number of purposes. For example, downloading data via computer networks such as the 
Internet onto data storage disks is becoming increasingly popular. The downloaded data 
may include movies, music recordmgs, books, and other media. There are different types 
and sizes of data storage disks available for storing and accessing the downloaded 
information. 

25 A number of benefits can be achieved using a data storage disk which can 

economically provide both mastered information and the ability to write or record 
information. As used herem, "mastered information" refers to information in which 
content is incorporated (embossed) into the disk during the manufacture thereof. The 
information is typically represented by a series of pits or bumps in the reflective layer 
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which alter the reflectivity of the layer and therefore can be detected by the read/write 
head as the track of pits or bumps passes beneath it.. A common example of an optical 
disk is the well-known Compact Disc (CD), in which the information, normally music, is 
mastered prior to distribution. 

5 A data storage device, e.g., a disk drive, which includes a read/write head is used 

to write information onto the disk and to read information from the disk. The disk drive is 
associated with a host device which uses the data read from the disk by the drive and 
which supphes data to be recorded by the disk drive opto the disk. A single host device 
may be coupled to more than one disk drive. Most prior art disk drives, including hard 
1 0 disk drives, floppy disk drives, and write once read many (W ORM) disk drives (such as 
CD-R and DVD-R drives) are classified as "block level" devices. The drive itself simply 
reads or writes "blocks" of data pursuant to instructions from the host device, and is not 
concemed with the organization of the data blocks into files and directories. 

Conventional storage disks assign specific areas for writing data files and for 
1 5 storing file system information or attributes (location, size, etc,) relating to the data files. 
This practice restricts the use of the disk. For example, a user who stores one large data 
file needs a relatively small area for storing file system urformation. In contrast, a user 
who stores numerous small data files requires proportionally more storage space for 
storing the file system information. 

20 Conventional optical disk drives read and write data from an inner diameter ("ID") 

of the disk towards an outer diameter ("OD") of the disk and at a constant linear track 
velocity. The data may be stored in a single spiral track formed about the center of the 
disk and the disk rotated in an angular direction such that a read/write head following the 
track moves outward towards the OD of the disk. Altematively, the data may be stored in 

25 concentric circular tracks, in which case the read/write head "jimips" outward to the next 
track after each rotation of the disk. 

For example, a conventional CD has a first annular zone located near the ID of the 
disk that is reserved for a "table of contents" and a second annular zone located radially 
outward from the table of contents that is reserved for data. The data is written on a spiral 
30 track in a direction from the ID to the OD of the disk. Before any data can be read, the 

disk must be accelerated to a relatively high rotational velocity, using considerable power, 
so that the table of contents can be read. Moreover, if one or two very large files are 
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recorded in the data zone, the table of contents area will remain unfilled. Conversely, if 
there are numerous small data files, the table of contents will fill up before the data zone. 
In either case, precious storage space is wasted. 

In order to read the data at a constant Imear track velocity, the storage disk must be 

5 rotated at a variable speed, e.g., more rapidly near the ID. Hence, more power is 

consumed in reading data at the ID than at the OD. In portable, battery-operated storage 
devices (for example, digital cameras, Pahn Pilot™ personal digital assistants, and other 
sunilar devices), minimizing power consumption is critical to maximizing battery life. 
Moreover, the need to accelerate the disk to a relatively high rotational speed increases the 

10 amount of time reqmred to access the data. 

Conventional storage devices typically store data in fixed block sizes. For 
example, in DVD optical storage devices each block necessarily contams 32K bytes of 
data. This can be very wastefiil of storage space. Writing a single check mark or fact, for 
example, normally does not require 32K bytes. Similarly, a "linking sector" containing 

1 5 timing information (described below) must precede the data written during each write 
session. Linking sectors do not require anywhere near 32K bytes of data. Moreover, file 
system mfomiation must also occupy 32K bytes. Allocating 32K bytes to system data 
relating to a single file can waste memory space. If, for example, the file or file system 
data contains only 100 bytes, ahnost the entire 32K bytes of storage capacity (i.e., 31.99K 

20 bytes) remains empty. 

Accordingly, there is a need for a storage device and storage medium that is 
compact and portable, power-efBcient, and capable of efficiently storing and transmitting 
large amounts of data regardless of the size of the mdividual data files. 

SUMMARY OF THE INVENTION 

25 A data storage disk in accordance with this invention comprises a writeable area 

which includes a servo track for guidmg a write head. The writeable area includes a 
writeable system area adjacent an inner boundary of the writeable area; and a writeable 
data area adjacent an outer boundary of the writeable area. Typically, the writeable 
system area includes information (attributes) relating to data files stored in the writeable 

30 data area. There is no fixed boundary between the writeable system area and the writeable 
data area. 
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Initially, there is a blank area between the writeable system area and the writeable 
data area. As additional file system information is written on the inner diameter (ID) side 
of the blank area and additional data files are written on the outer diameter (OD) side of 
the blank area, the blank area shrinks in size. If additional file system information and 
5 additional data files continue to be written, ultimately the writeable system area and the 
writeable data area merge, and the blank area disappears. Whenever that happens, the 
writeable area will be fiiUy utilised. No storage space will be wasted. 

The invention also includes a method of writing data on a data storage disk having 
a writeable area comprising a writeable system area and a writeable data area, the 

1 0 writeable data area being located radially outward fi-om the writeable system area, the 
writeable system area and the writeable data area bemg separated by a blank region. The 
method includes the steps of writuig file system information in a first portion of the blank 
region located adjacent the writeable system area; and writing a data file in a second 
portion of the blank region located adjacent the writeable data area. The file system 

1 5 information includes an attribute of the data file. The file system information and data file 
are written in a direction from the OD of the storage device towards the ID of the stomge 
device. 

Writing file system information and data files in this way optimizes the usage of 
the writeable area, as compared with disk formats that have fixed areas reserved for file 

20 system information and data files, respectively, and whereia no additional data can be 
written once either the file system area or the data area is filled. In this case, there is 
normally storage space left in the other area and this space is. wasted. In a disk formatted 
in accordance with this invention, the writeable system area and the writeable data area 
expand towards each other until finally they merge, at which point the entire writeable 

25 area is filled. 

Using the disk format reduces the power consumption of the disk drive. As 
discussed above, in conventional systems data is written from ID to OD, hi conventional 
constant linear velocity systems the rotational speed varies with the radius. Hence the 
rotational speed is the greatest when data is being read from or written near the ID, while 
30 the rotational speed is at a minimum when data is being read from or written near the OD. 
Smce data is read from tiie ID to OD, a high rotational speed is generally required, hi the 
format of this invention the storage device is not required to power up to the highest 
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rotational speed before data may be read. Since lower rotational speed is required for 
reading data, the power consumption is less compared to conventional systems. 

Besides saving power, a storage disk of this mvention is available for reading or 
writing data earlier than conventional disks, i.e., the time for accessing data in the storage 
disk is reduced. Another advantage of the present invention is that the storage format is 
flexible. Based upon number and sizes of files, the data and file system zones of the 
writeable area may be used as necessary. Yet another advantage is that data can be written 
in plural block sizes rather than the fixed block sizes of conventional systems. 

In another aspect, the invention comprises a method of writing data on a data 
storage disk having a writeable area, the writeable area comprising a first annular region of 
recorded information and a second annular region of recorded information, the second 
annular region being located radially outward from the first annular region and being 
separated from the first annular region by an annular blank area. The method comprises 
writing first information adjacent an outside edge of the first annular region and writing 
second information on the inside edge of the second annular region, thereby to reduce the 
size of the blank area. 

In accordance with another aspect of the invention, the writeable area includes 
error correction code (ECC) blocks of different sizes, for example, a first plurality of ECC 
blocks of a first size and a second plurahty of ECC blocks of a second size, the first size 
being smaller than the second size. This agam mcreases the utiUzation of the writeable 
area, since data which typically occupies less storage space, such as file system attributes 
and linking sectors, can be written in the smaller ECC block size, resulting in less wasted 
storage space. 

Accordmg to still another aspect, the invention comprises a data storage disk 
comprising a writeable area containing an unwritten servo t-ack wherein a user may wnte 
data using a data storage device comprising a write head; and a mastered area containing 
data formed in conjunction with the manufacture of the disk; wherein the mastered area is 
located radially outside tiie writeable area. In many instances, the user will be reading tiie 
mastered data (e.g. a music video) and will not be writing data to the disk. In these 
instances, locating tiie mastered area radially outward firom the writeable area tends to 
reduce the average rotational speed of a constant linear velocity device, thereby reducmg 
power consumption and increasing the battery life of a portable device. In addition. 
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locating the mastered data radially outward from the writeable area reduces the power 
consumed and time required in accessing the mastered data. The mastered data may 
written from the OD of the storage disk toward an ID of the storage disk. The data storage 
disk may also include a mastered file system zone, wherein the mastered file system zone 
5 includes file system objects that are written from the OD towards the ID of the data 
storage disk. 

A more complete imderstanding of the invention can be obtained by reference to 
the following detailed description of the preferred embodiments thereof in connection with 
the following drawmgs. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a data storage disk with data stored in the format of this invention. 

Fig. 2 show the locations of the writeable system area and the writeable data area 
on the disk. 

Figs. 3 A and 3B illustrate how the merger point of the writeable system area and 
15 the writeab ledata ^area canjg n^ with th^^ disk. 

Figs. 4A and 4B illustrate how the disk may be rotated either clockwise or 
counterclockwise. 

Fig. 5 is a block diagram of a host device and a disk drive that is usable with a disk 
recorded in the format of this invention. 

20 Fig. 6 is a diagram of the content of a physical sector on a disk formatted in 

accordance with this invention. 

Fig. 7 is a flow chart of a binary search algorithm for finding the most recent 
object in the file system zone of the writeable area. 

Fig. 8 is a diagram of a first physical sector arranged in the User Data Mode and a 
25 second physical sector arranged in the System Data Mode. 

Fig. 9 is a block diagram of the hardware that controls whether the storage device 
is in the User Data Mode or a System Data Mode. 

Fig, 10 illustrates sizes of a 2K linking block located between two 1 6K data blocks 
according to the present invention. 
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The use of similar reference numerals in different figures indicates similar or 
idenUcal items. The drawings are not generally drawn to scale. 

nVSCRIPTION OF THE INVENTION 

Fig. 1 shows one embodiment of a data storage disk 1 0 in accordance with this 
5 invention. In this embodiment, data storage disk 10 is an optical disk having at least one 
active layer composed of a phase-change optical material described in U.S. Patent No. 
4,960,680 to Pan et al., assigned to Eastman Kodak Company, which is mcorporated 
herein by reference. Writing is performed on this material essentially by heating it with a 
laser beam, which causes it to change from an amorphous to a crystalline phase. The 
10 reflectivity of the amorphous and crystalline phases are different, allowing the changed 
areas to be read. Such disks are available from Kodak. This invention is not limited to 
disks in accordance with the above-referenced patent, however, and is applicable to a wide 
variety of data storage disks, including other types of optical disks, magneto-optic disk, 
and magnetic disks. One type of optical disk is described in the above-referenced U.S. 
15 Application No. 09/560,781 filed April 28, 2000. 

Beginning at the outer diameter, data storage disk 10 includes a lead-in and disk 
system area (DSA) 102. The lead-in area is used to account for any mechanical 
tolerances, and for initial servo focus and tracking calibration. The disk system area 
includes the disk format characteristics (e.g., linear and radial density, scan velocity, laser 
20 wavelength, data block size), initial parameters for reading and writing data, and layout 
information for storage disk 10 (e.g., the starting sectors and sizes of the mastered and 
writeable areas). Also included in the disk system area is a "read chamiel calibration" area 
that is used to calibrate an optical read channel for a mastered area 106 (described below). 
The radius of the lead-in area of disk 10 could be 15.4 mm, for example. 
25 Storage disk 1 0 also includes a mastered system area (MSA) 1 04 that stores file 

system objects relating to mastered content stored in mastered area 106. Mastered system 
area 104 stores, for example, directory information, file attributes, file size and other file 
system information concerning the data stored in mastered area 106. File system objects 
are written in MSA 1 04 from the outer diameter (CD) towards the inner diameter (ID) of 
30 storage disk 1 0. Mastered area 1 06 also stores mastered content from the CD towards the 
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ID of storage disk 10. The mastered content is stored in data blocks which may be, for 
example, 16K bytes in size. 

In some embodiments, a duplicate of MSA 104 is created adjacent to the inward 
edge of mastered area 106. The duphcate MSA is used if the first MSA is not readable for 
5 any reason. 

The data in mastered areas 104 and 106 is formed by an embossing process ia 
conjunction with the manufacture of storage disk 10 and consists of a spiral track of pits or 
bumps. The processes used to forai mastered disks (e.g.. Compact Discs) are well known. 

Storage disk 10 also includes a buffer and writeable calibration area 108, which 
10 separates the mastered area 106 from a writeable area 12 (described below). The buffer 
area can include, for example, one track of mastered sectors and three grooved tracks that 
are used for servo focus and tracking caHbration in preparation for reading or writing data 
in writeable area 12. The writeable calibration area is used to calibrate the read and write 
channel in writeable area 12. This is required, for example, because the reflectivity of the 
15 reflective layer in the pits or bumps of the master area is differeat from the reflectivity ia 
the crystalline "pits" in the writeable areas. 

In contrast to the mastered areas, in writeable area 12 no data (pits or bumps) is 
written at the time the disk is manufactured. Instead, the spiral track takes the form of a 
groove or "land" (the area between grooves) which is used by a servo system to assure that 

20 the read/write head tracks properly as the data is being written or read back. The servo 
systems used to provide tracking are widely known in the field. The groove is typically 
formed in a wobble that generates a sinusoidal signal used to control the rotational speed 
of the disk and to generate a clock signal. (See, e.g., U.S. Patent Nos. 4,972,410 and 
5,682,365 to Carasso et al.) Writeable area 12 has an inner boundary 12A and an outer 

25 boundary 12B. The groove may also contain high-frequency wobble marks which indicate 
the addresses of the physical sectors in writeable area 12, as described in the above- 
referenced Application No. 09/542,681 filed April 3, 2000. 

Writeable area 12 is a 'Svrite once read many" (WORM) data zone, meaning that 
data written in area 12 caimot be erased or moved but can be read many times. When 
30 storage disk 10 is manufactured, and before any data is written to it, writeable area 12 is a 
single homogeneous area having a spiral groove as described above. 
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Inward from writeable area 12 is a second buffer area 125, which has the same 
fimction as buffer area in buffer and writeable calibration area 1 08. Next comes a disk 
system area 126, which is a dupUcate of DSA 1 02 at the OD of disk 1 0 and is used as a 
backup in case DSA 102, which can be very small, cannot be read. At the ID of disk 1 0 is 
5 a lead-out and disk format information area 128. The lead-out area ends at the maximum 
stroke of the optical pick up unit that is used to read and write data on disk 10. The disk 
format mformation area is in the form of a bar code and contains basic infonnation about 
the disk, such as whether it is a iBrst, second, etc., generation disk. By reading the disk 
information format area, the drive can quickly determine whether the disk is one that the 

10 drive is capable of reading. For example, if a second generation disk is inserted into a first 
generation drive, the drive would be able to tell immediately that it cannot read the disk. 

To summarize, disk 10 contains two basic areas: the mastered areas, which mclude 
areas 102, 104, 106, 108, 125, 126 and 128; and the writeable area 12. The mastered areas 
contain a spiral track of pits or bumps that are embossed onto the disk during manufacture, 

1 5 the pits or bumps being separated by spaces; unmediately followmg manufacture, the 
writeable area contains only a spiral groove, which is also embossed onto the disk. The 
mastered areas do not need to contain a groove because the track of embossed pits or 
bumps can be used by the read head for tracking purposes. In the writeable areas, the 
spiral groove (or the lands between the turns of the groove) provides a tracking signal 

20 during the reading or writing of mformation. In the embodiment described, the digital 

mfonnation in the writeable area consists of crystalline '1>its" in the otherwise amorphous 
active layer. The crystallme bits, which are analogous to the pits m the mastered areas, 
may be formed either at the bottom of the groove or on the lands. 

In accordance with this invention, data is written into writeable area 12 as shown in 

25 Fig. 2. As data is written in writeable area 12, a writeable system area (WSA) 120 
adjacent inner boundary 12A and a writeable data area (WD A) 122 adjacent outer 
boundary 12B are formed. Writeable system area 120 and writeable data area 122 are 
shown by the dashed lines in Fig. 2. When writeable area 1 2 is partially full, a blank 
region 124 separates writeable system area 120 and writeable data area 122. 

30 hiformation is stored in writeable system area 120 in data files, every data file 

having "attributes" such as the type of file, file location, file size and file data type. 
Writeable system area 120 stores such file attributes as file system objects. 
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Using this format, the data files are written in writeable data area 122 from the OD 
towards the ID of writeable area 12, i.e., in a direction invvard from the outer boundary 
12B, The file system objects are stored in writeable system area 120 such that writeable 
system area 120 grows outwards fi:om the ID towards the OD of writeable area 12. Each 
5 new sector of data is written on the spiral track in a direction towards the ID of disk 1 0, 
but the new sector is appended to the OD side of the last sector written in writeable system 
area 120. Hence, writeable system area 120 grows outwards from the ID towards the OD 
of writeable area 12, while writeable data area 122 grows inwards &om the OD towards 
the ID of writeable area 12. As this happens, blank regiou 124 shrinks in size. 

10 Ultimately, if data files continue to be written to disk 10, writeable system area 120 

and writeable data area 122 will merge, and blank region 1 24 will disappear. The merger 
will occur at a location that is dependent upon the size of the data files written writeable 
data area 122. As shown in Figs. 3A and 3B, if nimieroxis small data files are written in 
writeable data area 122, the merger will occur further away fi:om inner boundary 12A than 

15 if a few large files are written in writeable data area 122. 

For example, if a data file is 1 00MB in size, then a large area is required for 
content while a smaller area may be required for fiie file system information. However if 
there are 20 files 5MB each, then the file system data files are likely to require a larger 
memory storage space for storing the file system data compared to the file system data for 
20 the 1 OOMB file. Since the areas for data files and file system information approach each 
other, the respective sizes of writeable system area 120 and writeable data area 122 vary to 
meet the needs of the particular situation. Hence, the foregoing format according to the 
present invention apportions the data files and file system information in writeable area 12 
such that writeable area 12 as a whole is efficiently utilized. 

25 As noted above, the data stored on disk 1 0 is written and read in an inward 

direction, i.e., in a direction fi:om the OD to the ID of disk 10. As shown in Figs. 4A and 
4B, using a spiral track, this can be with by rotating the disk in either a clockwise direction 
(Fig. 4A) or a coimterclockwise direction (Fig. 4B). Obviously, the pitch of the track in 
Figs. 4A and 4B is greatly exaggerated to illustrate the point. 

30 Disks formatted in accordance with this invention can be written to and read fi-om 

using a wide variety of disk drives, and the disk drives can be coupled to a variety of host 
devices. Fig. 5 illustrates the components of one possible combination of a host device 
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212 and a drive 214 with which a disk of this iovention may be utihzed. In host device 
212, one or more processors 216 are connected by a host bus 21 8 to a main memory 220, a 
storage device interface 222, a network interface 224, and input/output (I/O) devices 226, 
connected via an I/O controller 228. Those skilled in the art will appreciate that host 
5 device 212 encompasses a variety of devices and systems that are capable of processing 
information in digital format iocluding, for example, televisions, stereo systems, handheld 
audio and video players, portable computers, digital cameras, personal digital assistants, 
and other devices that include information processing and/or networking components. 

Information may be downloaded fix)m a source, such as the Intemet, using one type 
10 ofhost device 212. A disk containing the downloaded information may flien be used with 
other types ofhost devices 212. Accordingly, host device 212 includes the appropriate 
hardware and software components to transfer, encrypt/decrypt, compress/decompress, 
receive, record, and/or playback audio, video, and/or textual data, depending on the 
functionality included in host device 212. Such components may include audio and video 
1 5 controllers 232, as well as other devices not shown such as display devices, audio devices, 
keyboards, mouse-type input devices, modems, facsimile devices, televisions, voice 
recognition devices, electronic pen devices, and other types of mass storage devices 214 
such as tape drives, floppy and hard disk drives, and write once read many (W ORM) 
devices including DVD-R drives and CD-R drives. 

20 Disk drive 214 includes a processor 240 coupled to a memory 242 which may be 

one or a combination of several types of memory devices including static random access 
inemory (SRAM), flash memory, or dynamic random access memory (DRAM). Disk 
drive 214 is coupled to host device 212 via a data bus 244. A storage device controller 
246 receives input data fiom host device 212 and transfers output data to host device 212. 

25 Processor 240 includes operating system instmctions to control the flow of data in disk 
drive 214. 

The data may be converted from analog to digital fonnat, or from digital to analog 
format, in converters 248. For example, analog data signals from the read portion of 
read/write optics 256 are converted to a digital signal for input to processor 240. 
30 Likewise, digital data from processor 240 is converted from digital to analog signals in 

converter 248 for input to read/write optics 256. Data may also be placed in buffer 258 for 
temporary storage until requested by host processor 240 or controller 246. 
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Content protection module 260 encrypts and decrypts the data, usixig one of several 
encryption or security schemes known in the art. Servo control system 262 provides 
control signals for actuators, focus, and spin drivers that control movement of the storage 
medium (not shown). 

Those skilled in the art will recognize that the foregoing components and devices 
are used as examples for sake of conceptual clarity and that various configxiration 
modifications are common. For example, although host device 212 is shown to contain 
only a single main processor 216, those skilled in the art will appreciate that the present 
invention may be practiced using a computer system that has multiple processors. In 
addition, the interfaces that are used in the preferred embodiment may include separate, 
fully programmed microprocessors that are used to off-load computationally intensive 
processing from processor 216, or may include input/output (1/0) adapters to perform 
similar functions. In general, use of any specific example herein is also intended to be 
representative of its class and the non-inclusion of such specific devices in the foregoing 
Ust should not be taken as indicating that limitation is desired. 

Data is stored in writeable area 12 in physical sectors which are numbered 
consecutively from the lead-in area at the OD of disk 10. The physical sectors are the 
basic physical unit in which the data is stored, i.e., anytime data is written to disk 1 0 at 
least one physical sector is created although it may be only partially filled wdth data. Fig. 
6 shows how the physical sectors in disk 10 are organized. Each sector is 2366 bytes long 
and includes an ID field (4 bytes), and ID error detection (JED) field (2 bytes), a sector 
information (SI) field (6 bytes), a data field; an error detection (EDC) field (4 bytes), and 
an overhead field which includes parity bytes for use in an error correction code. The 
number of bytes in the data and overhead fields is variable in this embodiment, as 
described below. The ID field includes 3 bytes for designating the physical sector 
number; the ID field also contains one bit that indicates whether the sector is in a mastered 
area and a second bit that indicates whether the sector is located in a lead-in area. 

The following is a description of a process of reading data from disk 10. 

When data is to be read from disk 10, the disk system area 102 is read first. Disk 
system area 102 is small and thus a single scratch or other physical defect on the disk may 
make it difficult to read. In that event, as described above, the read/write head is 
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instructed to proceed to disk system area 126, which is a duplicate of disk system area 
102. (The provision of a duplicate disk system area is, of course, optional.) 

Assuming that data is to be read from writeable data area 122, the readAvrite head 
then finds the most recent file system object written in writeable system area 120 (Fig. 2). 

5 The object is written in the outermost sector of area 120. Since memory 242 and buffer 
258 are volatile memories, when the disk drive is initially turned on there is no record of 
where the that sector is located. Therefore, the most recent file system object written in 
writeable system area 120 must be found by using a binary search algorithm that is 
resident in processor 240. 

10 Fig. 7 illustrates a flow chart of one possible bmary search algorithm. In step 702, 

disk drive 214 reads disk system area 102 to obtain the initial parameters for reading or 
writing data and layout information concerning disk 10. In step 704, the twova riables 
TrkMax and TrkMin are set. TrkMax is set to the l ocation of the maximum writeable 

1 5 writeable track, at the ojirterJ) Oundary 12 Bof writeable are a 12. As is customary, one of 
the^^ii^^contains a lookup table that maps the physicalje^n^bCTS to the track 
numbers. Rinr^. the numbers of the outennostand innermost sectors in writeableggaj[2_ 
are known, the numbers of the maximum and mimmum writeable tracks are found using 
the lookup table. 

20 In step 706, the program calculates the value Target as essentiaUy the mean 

between TrkMax and TrkMin; and in step 708 the program determines whether the 
difference between TrkMax and TricMin is less that a specified value Delta, which as 
described below defines when the storage device will begin spiraling inward along the 
track. If TrkMax minus TrkMin is not less than Delta, in step 710 the head is moved to 

25 the value of Target as determined in step 706. 

At this point, it is determined whether the Target location is in writeable system 
area 120, i.e., whether it contains writeable file system (WFS) data (step 712). Smce the 
WFS data is located in writeable system area 120, on the ID side of writeable area 12, if 
the Target lo catio^does not contain WFS data, the head needs to move inwards towards 

30 thelDofdisk lO. This is done by setting TrkMin equal to Target (step 714). Conversely, 
if the Target location contains WFS data, the head needs to move towards the OD of disk 
1 0; this is done by setting TrkMax equal to Target (step 7 1 6). The drive can determine 
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whether it is in writeable system area 12 by reading the ID fields of the physical sectors. 
As described below, the ID fields of the physical sectors in the writeable system area 120 
each contain a "system sector" bit. Writeable system area 120 is the only area of disk 10 
that contains only "system sectors". Thus, by reading a succession of several ID fields it 
5 can readily be determined whether the head is in writeable system area 120. 

The program continues to recycle through the loop contaiiiing steps 706, 708, 710, 
712, and 714 or 716 imtil the difference between TrkMax and TrkMin is determined to be 
less than Delta (step 708), meaning that the head is within the predetermined distance of 
the most recent file system object. 

1 0 Next, in step 7 1 8, it is determined whether WFS data is present at the current 

Target location. If not, this means that the head is located towards the OD fi-om the most 
recent file system object, and the head follows the spiral track towards the ID until it 
reaches the most recent file system object (step 720). If WFS data is detected at the Target 
location, this means that the head is located towards the ID firom the most recent file 

1 5 system object Therefore, the head moves to the current value of TrkMin and then follows 
the spiral track towards the ID until it reaches the physical sector which contains the most 
recent WFS data (step 722). 

Once the outermost edge of writeable system area 120 has been located, the head 
reads through area 120 firom OD to ID imtil in reaches the information necessary to access 
20 thedatafiles within writeable data area 122 that are to be read. Additional information 
concerning the arrangement of information ia writeable system area 120 is provided in the 
above-referenced Application No. 09/583,133. The location of the most recent WFS data 
is stored in the buffer memory for future use, thereby eliminating the need to perform the 
binary search algorithm again while the disk drive is turned on. 

25 If the data to be read is in the mastered area 106, after reading the disk system area 

102 (or alternatively disk system area 126) the read/write head is instructed to proceed to 
mastered system area 104. The head then reads mastered system area 104 in a 
conventional manner to locate the system information concerning the sought-after data in 
mastered area 106. 

30 The following is a description of a process of writing data on disk 10. 
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As with the read process, the disk system area 102 (or 126) is read first. Assuming 
that disk drive has just been turned on, the same binary search algorithm described above 
and in Fig. 7 is used to locate the outermost (i.e., most recently recorded) physical sector 
in writeable system area 120. Then the head is instructed to record the witeable file 

5 system data for the to-be-recorded data at the adjacent physical sector. For example, if the 
most recently recorded system information is at physical sector number 1 000, the head 
will be instructed to go to physical sector number 999 to write the new writeable file 
system data. In one embodiment the sector addresses are recorded in the high-frequency 
wobble marks (HFWMs), as described in the above-referenced Application No. 

10 09/542,681 filed April 3, 2000. 

Next, the head is directed to the physical sector that is adjacent to the most recently 
recorded data in writeable data area 122. As described, above this sector is located 
adjacent the ED edge of writeable area 122. hiitially, the head must write a linking sector 
to provide timing information for the head during read, i.e., the linking sector separates die 

1 5 most recently recorded data and the data to be recorded. After the linking sector has been 
written the data is written in a conventional manner, except that the head is moving 
towards the ID of disk 1 0. 

The embodunent described above can be varied in numerous ways without 
departing from the scope of this invention. For example, while data is written and read 

20 from the OD to the ID of the disk, in other embodiments the data may be read from the ID 
to the OD of the disk. In some embodunents, the writeable system area may be located 
radially outward from the writeable data area. Neither the writeable system area nor the 
writeable data area needs to be located at the inside or outside boundary of the writeable 
area. The principles of this invention include any arrangement in which a writeable area 

25 of a data disk includes a first annular zone of recorded data separated firom a second 
annular zone of recorded data by a blank writeable area, and wherein additional data is 
written at an outside boundary of the first zone and an inside boundary of the second zone 
such that the zones expand in size and blank writeable area between the zones decreases in 
size. 

30 Optical data is typically recorded in units referred to as data blocks or Error 

Correction Code (ECC) blocks, each of which typically contains an amount of data equal 
to a multiple of the amount of data in a single physical sector. For example, in the DVD-R 
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environment each ECC block contains a total of 3 8.68 8K bytes or 32K bytes of user data. 
All user data written to a DVD disk must be contained in ECC blocks of 32K bytes. For 
example, if 3 IK bytes of user data are to be written, one ECC block is required; if 33K 
bytes are to be written, two ECC blocks are required. The ECC block used in the DVD-R 
5 system is described fully in Standard ECMA-279 (December 1 998), which is incorporated 
herein by reference in its entirety and referred to hereinafter as the "DVD-R standard". 

(Note: ECC blocks are to be distinguished from the physical sectors in which the 
data is stored on the disk. Each ECC block typically contains data from a fixed number of 
physical sectors which the hardware then scrambles and assembles into an ECC block for 
10 purposes of error correction. In addition, the hardware adds sync codes into each data 
block. These techniques are well-known and are described for example in the DVD-R 
standard. As used herein, the term "ECC block" refers to a quantity of data stored on the 
disk that is used to assemble a single ECC block.) 

This system is very wasteful because many groups of data occupy far less than 
1 5 32K bytes. One example is the linking sector which must be recorded between data 

written at different sessions. Even though the timing data in a linking sector occupies far 
less than 32K bytes, in the DVD-R enviroimient 32K bytes of storage space must be used 
up every time a linking sector is recorded. 

To overcome this problem, disk drive 214 allows data to be written in Error 

r 

20 Correction Code (ECC) blocks of different sizes. Storage device controller 246 supports 
two modes of saving data on the media: (i) the User Data Mode and (ii) the System Data 
Mode. Each of these modes requires a different size of ECC block. The first mode is the 
most efficient storage mode for large data files and is used to stare user data files or pre- 
mastered content. The second mode is used to store small amounts of internal system 

25 information and is designed to support small blocks of data. 

The User Data Mode requires that the length of each file be a mxiltiple of eight 
physical sectors on disk 10. Each physical sector can store 2048 xiser data bytes, so this 
mode, requires the file size to be a multiple of 16^84 bytes. If the user file is not a multiple 
of this size, the file size must be rounded up to the next multiple. This process is 
30 accomplished within the file operating system contained within the device. This eight- 
sector entity is called a "data ECC block". 
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The System Data Mode requires that the length of each file be one physical sector 
on disk 10. hi this mode, more of the physical sector may be assigned to ECC parity bytes 
in order to recover the system data reliably. So, in this mode, the physical sector can store 
only 1 528 system data bytes. This single sector entity is called a "system ECC block". 

Fig. 8 shows diagrams of two physical sectors, one in the User Data Mode and the 
other in the System Data Mode. In each physical sector, the data portion includes the ID, 
lED, SI and EDC fields shown in Fig. 6. Since these fields occupy a total of 16 bytes, the 
actual "user data" m the sector equals 2048 bytes in the User Data Mode and 1 532 bytes in 
the System Data Mode. The total number of bytes in the physical sector (2366) does not 
change between the two modes. 

In the User Data Mode, Hxe data m eight physical sectors is assembled, in a manner 
similar to that described m the DVD-R standard, into a "data ECC block" of 18,928 bytes 
(2366 X 8), which includes 16,512 bytes (2064 x 8) of data and 2416 overhead bytes (302 
X 8) most of which are used to construct the inner and outer parity codes of the ECC block. 
In the System Data Mode, the data in a single physical sector is used to form a "system 
ECC block" of 2366 bytes, which includes 1548 bytes of data and 818 overhead bytes for 
use in constructing the parity codes. The ratio of overhead bytes to data bytes is greater in 
the System Data Mode than in the User Data Mode because the system ECC block 
contains only 2366 bytes instead of 1 8,928 bytes. The smaller ECC block requires a more 
robust error correction capability, which is reflected m the higher proportion of overhead 
bytes. 

The two modes are implemented in storage device conhroUer 246 and are denoted 
by a signal designated ECC_MODE (see Fig. 9). When ECC_MODE is a logic 0, the 
hardware is in the data ECC block mode. When ECC_MODE is a logic 1, the hardware is 
in the system ECC block mode. The system detects when less than 2048 bytes of data are 
to be written and generates a logic 1 ECC_MODE signal; if more than 2048 bytes are to 
be written, the system generates a logic 0 ECC_MODE signal. Jn the hardware block 
diagram of Fig. 9, the ECC_MODE signal is received by the ECC logic 92 and uiforms 
logic 92 how to encode or decode the data passing through it. IP EnDec logic 94 uses the 
ECC_MODE signal to determine where to insert the various overhead bytes used to 
control the storage of physical sectors on the media. Some of the bytes are inserted ahead 
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of the information bytes and some are inserted behind the information bytes, so the 
information byte field length must be known by ID EnDec logic 94. 

Block control logic 96 receives the ECC_MODE signal which tells it how much 
information to send or receive from data buffer control 98 to equate to a physical sector. In 
5 a system ECC block, the information field is 1 528 bytes in length. The remaming 20 bytes 
needed to fill up the 1548 bytes contained in a physical sector in this mode are provided by 
ID EnDec logic 94. In a data ECC block, the information field is 2048 bytes in length. The 
remaining 16 bytes needed to comprise the 2064 byte data field of a data ECC block are 
provided by ID EnDec logic 94. 

10 To summarize, disk drive 214 contains two sets of hardware, one capable of 

generating ECC blocks using the data in eight physical sectors, the other enable of 
generating ECC blocks using the data in a single physical sector. The ECC MODE signal 
effectively selects one or the other hardware set, depending on whether the "block" of data 
to be written (to be distinguished from an 'TECC block") is greater than 2048 bytes in 

15 length. The system also inserts a bit in the ID field of each physical sector indicating 

whether the data is in the User Data Mode or System Data Mode (a "0" indicates that the 
sector is recorded as a single ECC block; a "1" indicates that the sector is part of an eigjit- 
sector ECC block). Thus, when the data is read;, the system can teU whether it should be 
processed as single-sector or eight-sector ECC blocks. As stated above, the actual 

20 processing of the data in ECC blocks is well-known in the art and is described, for 
example, in the DVD-R standard (see Section 4). 

As described above, data files written to a disk are normally separated by what are 
called "linking sectors" which contain timing information. The linking sectors typically 
contain far fewer bytes of information than the data blocks, but with conventional systems 
25 the linking sectors must be the same size as the data blocks. Current optical storage 

devices use a 32K byte-block size for the linking sectors. Hence memory space is wasted 
in conventional systems. 

Fig. 10 shows an embodiment in accordance with the invention, wherein two 16K 
data blocks 80 are separated by a 2K Unking sector 82. This arrangement saves 14K of 
30. storage space as compared with prior art systems, where the linking sector 82 would have 
to be the same size as the data blocks 80, As another example, since the writeable file 
system objects in writeable system area 120 are typically smaller than the files in writeable 
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data area 122,, the smaller block size can be used in writeable system area 120 and the 
larger block size can be used in writeable data area 122 (Fig. 2). 

Embodiments in accordance with this invention have numerous advantages in 
comparison with prior art data storage disks. 
5 A major advantage of the present invention is that the writeable area can be 

apportioned between the system area and the data area in the optimal manner. 

Another key advantage is that data can be written in plural ECC block sizes rather 
than the fixed ECC block sizes of conventional systems, thereby avoiding the waste of 
storage space when a small block of data is to be recorded. 
10 The format also saves disk drive power. As discussed above, in conventional 

systems data is written and read from ID to OD. Since a higher rotational speed is 
required to read data near to the ID, more power is required to start reading data in 
conventional systems, and more time is required to access the stored data. With disks 
recorded in the format of this invention, reading and writing takes place on average closer 
15 to the OD and therefore the rotational speed and power are lower during continuous 
operation. The power-saving aspect of the present invention can be used to advantage 
particularly in portable devices such as audio players and digital cameras. 

While the invention has been described with respect to the embodunents and 
variations set fordi above, these embodiments and variations are illustrative and the 
20 invention is not to be considered limited in scope to these embodiments and variations. 
Accordingly, various other embodiments and modifications and improvements not 
described herein may be within the spirit and scope of the present invention, as defined by 
the foUowing claims. The broad principles of this invention are appUcable to any type of 
data storage disk, whether the disk be optical, magnetic-optic or magnetic, regardless 
25 whether the data is stored on one or both sides of the disk, and regardless of whether the 
disk has both writeable and mastered areas or only writeable areas. 
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CLAIMS 

We claim: 

1 , A data storage disk comprising a writeable area comprising a servo track, 
the writeable area comprising: 

5 a writeable system area adjacent an inner botmdary of the writeable area; and 

a writeable data area adjacent an outer boundary of the writeable area, the 
writeable system area containing attributes of data stored in the writeable data area, 

2. The data storage disk of Claim 1 further comprising a blank region 
separatmg the writeable system area and the writeable data area. 

10 3. The data storage disk of Claim 1 wherein the writeable system area 

contains data written in error correction code (ECC) blocks of a first size and the writeable 
data area contains data written in ECC blocks of a second size, the first size being smaller 
than the second size. 

4. The data storage disk of Claim 3 wherein the first size is 2K bytes and the 
1 5 second size is 1 6K bytes. 

5. The data storage disk of Claim 1 wherein the disk is an optical storage disk. 

6. A data storage disk comprising a writeable area, the writeable area 
including a first group of error correction code (ECC) blocks of a first size and a second 
group of ECC blocks of a second size. 

20 7. The data storage disk of Claun 6 wherein the first group of ECC blocks 

contain file system information and the second group of ECC blocks contain data, the file 
system information representing attributes of the data, the ECC blocks in the first group 
being smaller than the ECC blocks in the second group. 

8. The data storage disk of Claim 6 wherein the first group of ECC blocks 
25 comprise Unking sectors. 

9. A method of writing data on a disk comprising: 

providing a data storage disk havmg a writeable area connpnsmg a 
writeable system area and a writeable data area, the writeable data area being 
located radially outward fi*om the writeable system area, the writeable system area 
30 and the writeable data area being separated by a blank region; 
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writing file system information in a first portion of the blank region located 
adjacent the writeable system area; and 

writing a data file in a second portion of the blank region located adjacent 

the writeable data area. 

10. The method of Claim 9 wherein the file system information contains an 
attribute of the data file. 

1 L The method of Claim 9 comprising writing additional file system 
information adjacent the file system mformation and writing an additional data file 
adjacent the information file, 

12. The metiiod of Clann 1 1 wherein the additional fiile system information 
contams an attribme of tiie additional data file. 

13. A method for writing information onto a storage disk, the disk containing a 
spiral servo track, comprising writing information along tiie servo track in a direction firom 
an outer diameter towards an inner diameter of the storage device. 

14. The method of Claim 13 wherein a first portion of tiie mformation is stored 
in a first fonnat for mcludmg the first portion m an error correction code (ECC) block of a 
first size and a second portion of tiie mformation is stored in a second format for including 
tiie second portion m an ECC block of a second size. 

15. A metiiod of writing data on a data storage disk having a writeable area, tiie 
writeable area comprising a first annular region of recorded information and a second 
annular region of recorded information, tiie second annular region being located radially 
outward firom tiie first annular region and being separated fi-om tiie first annular region by 
an annular blank area, the metiiod comprising: 

writing first information adjacent an outside edge of tiie first annular 

region; and 

writing second information on tiie inside edge of tiie second annular region, 
thereby to reduce the size of the blank area. 

16. The metiiod of Claim 13 wherem tiie first size is smaller tiian tiie second 
size and the first portion comprises a linking sector. 

1 7. A data storage disk comprising: 
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a writeable area containing an xmwritten servo track wherein a user may 
write data using a data storage device comprising a write head; and 

a mastered area containing data formed in conjunction with the 
manufacture of the disk; 
5 wherein the mastered area is located radially outside the writeable area. 

1 8. The data storage device of Claim 1 7 further comprising a lead in system 
area that may include encrypted data to prevent imauthorized access to the data storage 
disk. 

1 9. The data storage device of Claim 1 7 fiirther comprising a writeable 
1 0 calibration area that mcludes data for calibrating the writeable area. 

20. The data storage device of Claim 1 7 ftolher comprising a format 
information area that may include format information regarding the data storage device. 

2 1 . The data storage device of Claim 1 7 wherein a user may write content in 
plural data block sizes. 

1 5 22, The data storage device of Claim 1 7 wherein the data block sizes are 

greater than a link block size, wherein the link block is located between data blocks. 

23 . The data stomge device of Claim 1 7 further comprising a first buffer area 
that forms a boimdary between the mastered area and the writeable area. 

24. The data storage device of Claim 1 7 wherein the first file system objects 
20 includes file attribute data regarding the written content m the writeable area. 

25. The data storage device of Claun 17 wherein the pluraUty of second file 
system objects includes file attribute data regarding the mastered content. 



25 
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<57) Abstract: A data storage disk 
includes a wriieable area (12) that 
allows a user to write data, wherein 
ihe data Hies are written from the 
outside diameter towards the inside 
diameter ol the wriieablejirea (12). 
while file system information (120) 
is written from the inside diameter 
towards the outside diameter of the 
writeable area (12). This optimizes 
t1>rQset>f thiTwriteable area, whether 
a large number of small data files 
or a small number of large data files 
are being stored. To further optimize 
ihe use of the writeable area (12). 
informaiion rnay be stored in two 
or more different error correction 
code (ECC) block sizes. Thus, 
information, such as the file system 
al tributes and linking sectors, which 
contains few bytes may be stored 
in the smaller ECC block size, while 
the data may be stored in the larger 
ECC block size. The data storage 
disk may also include a mastered 
content area. 



wo 01/93262 A3 liliilliilillliiiPiiiliinilii 



paicni (AT. BE. CH, CY, DE, DK, ES, FI, FR, GB, GR, IE. 
IT. LU. MC, NU PT, SE. TR), OAPI patent (BE BJ. CE 
CG. CI. CM. GA. GN. GW, ML. MR. NE. SN. TD, TG). 

Published: 

— with infernational search report 



(88) Dxite of publication of (he international search report: 

30 May 2(X)2 

For hvo-leiter codes ami other ahhrevialions. refer to the "Giiui- 
ante Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 



lmerf*-'*onal Application No 

PC, /US Gl/17621 



A.pCu.ss.r,cA|0Ng^^^^^^^^^ G11B20/OQ G11B7/007 



Armrfnn In Inlemalional Patent gassHicalion (IPC) or Ip bolh national classilicalion am) IPC 



B. FIELDS SEARCHED 



MinKnum documentation searched (classilicalion system followed by classification symbols) 

IPC 7 GllB 



Documentation 



searched other ttian minimum documentation to the extent that such documents are included tn the f lehJs searched 



Etectronic data base consutied dunng the international search (name ot data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, INSPEC, IBH-TDB, COMPENDEX 



C. nncUMEWTS CONSIDERED TO BE RELEVANT 



Category • Citation o« document, with indication, where appropnate. of the retevani passages 



Relevant to daim No. 



EP 0 643 388 A (MATSUSHITA ELECTRIC IND CO 
LTD) 15 March 1995 (1995-03-15) 
column 2, line 15 -column 3, line 41 
column 7, line 4 -column 8, line 54 
figures 1A-2B 

US 5 656 348 A (KUDO HIDEO ET AL) 
12 August 1997 (1997-08-12) 

abstract; figures 3-5 
column 1, line 41 -column 3, line 3 
column 3, line 44 - line 65 
column 10, line 1 - line 7 
claims 1-8 

-/-- 



1,2,5.9. 
15,17,20 



1,2,5. 

9-12, 

15-17,21 



1 )( Further documents are iisted in the continuat»oo ol box C. 


j Patent family members are tested in annex- 




* Special categories ol cited documents: 

•A' document defining the general state of the art which ts not 

considered to be ot particular relevance 
"E* earlier document but published on or after the international 

f iing date 

"L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date ol another 
citation or other special reason (as specified) 

X)" document referring to an oral disctosure. use. exhibition or 
other means 

T" document published prior to the international tiling date but 
later than the priority date claimed 


T later document put>lished after the international filing date 
or priority date and not in confttct with the apphcatton but 
cited to understand the principle or theory ondertying the 
invention 

"X' documerrt ol particular relevance; the claimed invenwm 
carmot t>e considered novel or cannot be cxinsidBfed to 
involve an inventive step vifhen the document is taken alone 

"V document ot particular relevance; the claimed trwemion 

cannot considered to invoWe an inventive step when the 
documerrt »s combined with one or more other such docu- 
ments, Btx^ combination being obvious to a person skiUed 
in the art. 

"&■ document member of the sarne patent family 




Date ot the actual completion of the iniernalional search 

26 November 2001 


Date ol mailing of the international search report 

1 1. 03. 2002 


Name and mailing address ot the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rrjswijk 
Tel. (+31-70) 340-2040. Tx. 3t 651 epo nl. 
Fax: (+31-70) 340-3016 


Authoiized officer 

SCHIWY-RAUSCH G.J. 


Form PCT/lSA/210 (second sheet) (Juty 1992) 


nrtnn 1 n-f 9 





INTERNATIONAL SEARCH REPORT 



!ntern-^-onaI Application No 

PC»,US 01/17621 



a(Conlinuat*on) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" | Citation ot document, with indicabon. where appropnate. of the reJevam passages 



GB 2 322 555 A (WONG STEVEN BAK SIEW) 
2 September 1998 (1998-09-02) 

abstract; figure 1 

page 4, line 12 -page 6. line 7 

page 11, line 21 -page 12, line 23 

EP 0 840 296 A (SONY CORP) 
6 May 1998 (1998-05-06) 
column 7, line 48 -column 8, line 29 
figures 1,2 

US 4 420 828 A (YOSHIDA TOMIO ET AL) 

13 December 1983 (1983-12-13) 

abstract; figure 3 

column 1, line 24 - line 68 

column 4, line 34 - line 65 

column 6, line 65 -column 7, line 32 

PATENT ABSTRACTS OF JAPAN 

vol. 010, no, 198 {P-476). 

11 July 1986 (1986-07-11) 

& JP 61 039987 A (HITACHI LTD), 

26 February 1986 (1986-02-26) 

abstract 

ECMA: "Volume and File Structure of 

Read-Only and Write-Once Compact Disk 

Media for Information Interchange" 

STANDARD ECMA-168, [Online] 

no. 2nd Ed, December 1994 (1994-12). pages 

1-128, XP00218392O 

Geneva, CH 

Retrieved from the Internet: 

<URL : http : / /www . ecma . ch/ecma 1/STAND/ ECMA- 1 

68.HTM> [retrieved on 2001-08-14] 



Retevam to dami No. 



1,2,5, 

9-12, 

15-17,21 



1.5,17, 
19-21,23 



1,5,9, 
15,17 



Form PCT/lSA/210 (conimuation oi second sheet) (Ju^v 1992) 



INTERNATIONAL SEARCH REPORT 



If lationat application No. 

PCT/US Gl/17621 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 
' " O te^ute S'y relate to subject matter not required to be searched by this Authority, namely: 



□ 



Sr^s^mev relate to parts of the International Application that do riot comply with the prescribed requirements to such 
an extent that no meaningful Interi^ational Search can be carried out, specifcally: 



^* ^ ^^they are dependent claims and are not dratted in accordar«:e with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Contmuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as followrs: 

see additional sheet 



1-1 — I As all required additional search fees were timely paid by the applicant this International Search Report covers all 

I 1 searchable claims. 

2, rn As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

— of any additional fee. 



3 I — 1 As only some of the required additional search fees were timely paid by the applicant this International Search Report 
' I I covers only those claims for which fees were paid, specifically claims Nos-: 



4 M No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
' restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 

1-5,9-12,15-25 

Remark on Protest □ additional search fees were accompanied by the applicant's protest. 

I j No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) {July 1998) 



International Application No. PCT/US 01/17621 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-5,9-12,15-25 

Data storage disk with writeable area comprising system area 
at inner boundary and data area at outer bondary. 

2. Claims; 6-8 

Data storage disk with writeable area including ECC blocks 
with different block size. 

3. Claims: 13,14 

Method of writing information on storage disk along a spiral 
servo track from outer towards inner diameter. 



INTERNATIONAL SEARCH REPORT 

ormation on patent lamily members 



Patent document 
cited in search report 



EP 0643388 



Publication 
date 



15-03-1995 



JP 
DE 
DE 
EP 
US 



lntem='***>nal Applicalion No 

PCi,dS 01/17621 



Patent famity 
member(s) 



A 
Dl 



7078418 

69422676 

69422676 T2 
0643388 Al 
5506825 A 



Publicatjon 
date 



20-03-1995 
24-02-2000 
06-07-2000 
15-03-1995 
09-04-1996 



US 5556348 



12-08-1997 



JP 
US 



7230625 A 
5768243 A 



29-08-1995 
16-06-1998 



6B 2322555 


A 


02-09-1998 


NONE 






EP 0840296 


A 


06-05-1998 


JP 
JP 
EP 
US 
US 


10112033 A 
10112032 A 
0840296 A2 
6128272 A 
6215758 Bl 


28-04-1998 
28-04-1998 
06-05-1998 
03-10-2000 
10-04-2001 


US 4420828 


A 


13-12-1983 


JP 
JP 
JP 


1452577 C 
56087237 A 
62060744 B 


25-07-1988 
15-07-1981 
17-12-1987 


JP 61039987 


A 


26-02-1986 


JP 
JP 


1050032 B 
1562529 C 


26-10-1989 
12-06-1990 



form PCTflSA/2tO (paiem lamtty annex* (Juty 1992) 



